A total of 49 type and neotype isolates and 32 clinical isolates of the anamorph genus Candida and related teleomorph genera were obtained from different culture collections and clinical laboratories. Isolates were subjected to two phenotypic methods of identification, Vitek yeast biochemical card (YBC) and API ID 32C, both based on carbohydrate assimilation, and one genotypic method, PCR fingerprinting, based on the detection of DNA polymorphisms between minisatellite-specific sequences with the primer M13 (5 GAGGG TGGCGGTTCT 3). The correct identification of a strain at the Centraalbureau voor Schimmelcultures was used as the gold standard for the identification of an isolate. When the study was restricted to species included in the respective biochemical databases, the Vitek YBC and API ID 32C systems performed adequately with positive identification rates of 87.3 and 76.8%, respectively. When uncommon species were added to the study, several of which are not included in the databases, the identification efficiencies were 76.5 and 77.5%, respectively. By comparison, all isolates were correctly identified by PCR fingerprinting, with 63 reference species profiles in the databank. Sufficient polymorphisms among the total set of banding patterns were observed, with adequate similarity in the major patterns obtained from a given species, to allow each isolate to be assigned unambiguously to a particular species. In addition, variations in minor bands allowed for differentiation to the strain level. PCR fingerprinting was found to be rapid, reproducible, and more cost-effective than either biochemical approach. Our results provide reference laboratories with an improved identification method for yeasts based on genotypic rather than phenotypic markers.
A total of 49 type and neotype isolates and 32 clinical isolates of the anamorph genus Candida and related teleomorph genera were obtained from different culture collections and clinical laboratories. Isolates were subjected to two phenotypic methods of identification, Vitek yeast biochemical card (YBC) and API ID 32C, both based on carbohydrate assimilation, and one genotypic method, PCR fingerprinting, based on the detection of DNA polymorphisms between minisatellite-specific sequences with the primer M13 (5 GAGGG TGGCGGTTCT 3). The correct identification of a strain at the Centraalbureau voor Schimmelcultures was used as the gold standard for the identification of an isolate. When the study was restricted to species included in the respective biochemical databases, the Vitek YBC and API ID 32C systems performed adequately with positive identification rates of 87.3 and 76.8%, respectively. When uncommon species were added to the study, several of which are not included in the databases, the identification efficiencies were 76.5 and 77.5%, respectively. By comparison, all isolates were correctly identified by PCR fingerprinting, with 63 reference species profiles in the databank. Sufficient polymorphisms among the total set of banding patterns were observed, with adequate similarity in the major patterns obtained from a given species, to allow each isolate to be assigned unambiguously to a particular species. In addition, variations in minor bands allowed for differentiation to the strain level. PCR fingerprinting was found to be rapid, reproducible, and more cost-effective than either biochemical approach. Our results provide reference laboratories with an improved identification method for yeasts based on genotypic rather than phenotypic markers.
With the increase in the number of immunocompromised patients (e.g., patients with AIDS, hematological malignancies, or transplants), the incidence and variety of opportunistic mycoses has increased considerably in recent years. Most emerging fungal pathogens have been yeasts of the imperfect genus Candida (8) , and it is now recognized that species of the genus Candida differ considerably in their ability to cause disease (2, 9, 32) . Previously rare pathogens of this genus, such as C. famata, C. lusitaniae, C. rugosa, C. parapsilosis, and others, have been reported with increasing frequency, especially in immunocompromised individuals with indwelling vascular catheters (8, 18) . Sensitivity to antifungal drugs varies among species and strains (6, 21) . Correct identification of clinical yeast isolates has become essential for optimal clinical management, detailed epidemiological studies, and prevention and containment of outbreaks.
Of the methods available for the identification of yeasts and fungi, assays utilizing carbohydrate assimilation enjoy the most extensive use worldwide. The popularity of this approach can be linked to the relative simplicity of the methods, their relatively low cost, and the availability of standardized protocols. Enzyme-based systems (e.g., the Baxter-MicroScan yeast identification panel [10] and the MicroScan rapid yeast identification panel [24] ) are not as common but are just as fast and effective as a number of commercially available biochemical systems. By linking biochemical profiles obtained with systems such as the Vitek yeast biochemical card (YBC) (4) and the various API kits (e.g., 20C and ID 32C) (19) to computerized databases, their use in rapid yeast identification has become more appealing. However, biochemical profiles can vary because of minor changes in test conditions, and several reports have indicated the need to confirm identification obtained with these methods by using morphological observations (4, 5, 26, 28) . Since most Candida and other medically relevant species are anamorphs and lack sexual features (sexual features are the main morphological characteristics upon which the classification of fungi is based), the identification of this heterogeneous group of yeasts based on limited morphological characters is necessarily subjective, and phenotypic characteristics may be unstable or variable. The use of genotypic rather than phenotypic characteristics for identification is potentially more accurate, reproducible, and rapid.
PCR technology requires only minute amounts of genetic material, is relatively easy to perform, and is rapid. It therefore offers reference laboratories a potentially efficient alternative to conventional tests for detection and biotyping of pathogenic yeast species which are not easily identified otherwise. The use of appropriate primers permits the detection of species-specific DNA polymorphisms, even in the absence of specific nucleotide sequence information. A modification of the randomly amplified polymorphic DNA technology (33) known as PCR fingerprinting (12, 16, 25) was used in this study. In this rela-tively new approach, oligonucleotides derived from minisatellite or simple repetitive (microsatellite) DNA sequences, whose original use was as hybridization probes in conventional DNA fingerprinting, are used as single primers to amplify hypervariable interrepeat sequences in the fungal genome. This technique has been applied to epidemiological studies of the basidiomycetous yeast Cryptococcus neoformans, as well as a number of filamentous fungi (15) (16) (17) . In recent years, it has been shown that species of the imperfect genus Candida can be differentiated by this technique and appropriate anamorphteleomorph pairs can be confirmed (14, 25, 27) . These features make PCR fingerprinting suitable for the identification of clinical yeast isolates.
In the comparative study reported herein, type, neotype, and clinical strains obtained from various culture collections and clinical diagnostic laboratories in Australia and the United States, representing anamorph species of the imperfect genus Candida and related ascomycetous genera of medical significance as well as species considered to be less common, were subjected to two, commonly used biochemical identification assays, the Vitek YBC and the API ID 32C. The results obtained from these tests were then compared with identification of the same species by PCR fingerprinting with the minisatellite primer M13. The time and cost constraints of the three methods of identification were also compared.
MATERIALS AND METHODS

Test organisms.
A total of 81 isolates were studied. They included common human isolates (C. albicans, C. parapsilosis, C. tropicalis, and C. glabrata); species considered uncommon, belonging to 46 species of either the imperfect genus Candida or its related perfect genera Clavispora, Debaryomyces, Kluyveromyces, Lodderomyces, Metchnikowia, Pichia, Saccharomyces, and Yarrowia; and other yeasts, i.e., Cryptococcus neoformans, Cryptococcus curvatus, Saccharomycopsis capsularis, and Schizosaccharomyces pombe. Most isolates were type or neotype cultures of the respective species and were chosen because they were subcultures of the original strain used for the description of that particular species. These type cultures serve as reference strains, and all members of the same species (Tables 1 and 2 ). The identity of all reference strains was confirmed by standard procedures (29) at the CBS and used as the gold standard for the correct identification of isolates in this study. A PCR fingerprinting profile, specific for reference isolates, was then generated and subsequently used for reidentification of the isolates during the study, if necessary. Maintenance of cultures. Yeasts were cultured on yeast extract-peptone-dextrose (YPD) broth under constant agitation at 220 rpm or on YPD agar plates at 27°C, except for C. lambica and Cryptococcus neoformans, which were grown at 22 and 30°C, respectively. The isolates were maintained as stock cultures on Sabouraud's agar slants at 4°C and as water cultures at room temperature.
Vitek YBC. The Vitek YBC consists of 30 wells which contain 26 biochemical broths and four negative controls. It is used in conjunction with an automated system (AutoMicrobic system) which includes a filling and sealing module, an incubator and reader unit, computer software, hardware, and a printer (11, 20) . The test was performed according to the manufacturer's instructions. The results were represented as a nine-digit biocode which was translated to an identification percentage. The software package of the Vitek system matched the biocode of the unknown sample to the one it most closely resembled in the database. Only those matches that had an 85% or greater probability of being correct were considered to identify the isolates correctly, as defined previously (4, 5) . Supplementary tests were carried out when the test organism was one of the possible choices indicated by the biochemical analysis.
API ID 32C. The ID 32C strip consists of 32 cupules, each containing a dehydrated carbohydrate substrate that may be assimilated by the test organism. The test was performed according to the manufacturer's instructions. Based on the extent of growth in each well at 24 and 48 h, a 10-digit analytical profile number (biocode) was obtained. The results were given as an identification percentage, but in this case a T index, representing the relative proximity of the profile obtained to the most typical profile in each taxa, was also given. The results obtained by this method were confirmed by visual reading. The biocodes obtained from each isolate were then compared with the reference API index stored in a computer. Identification percentages of excellent, Ն99.9% (T Ն 0.75); very good, Ն99.0% (T Ն 0.5); good, Ն90.0% (T Ն 0.25); and acceptable, Ն80.0% (T Ն 0) (according to the manufacturer) were considered to be correct identifications. Supplementary tests were carried out when the test organism was one of the possible choices indicated by the biochemical analysis.
Assessment of the biochemical tests. The success rates of the two methods were assessed by two criteria. First, the identification success rate of only those isolates featuring in the respective databases was assessed. Second, the less common species which are not included in the databases were assessed. The identification of yeasts is made more complex because of the different nomenclature attributed to sexual forms (teleomorph) and asexual forms (anamorph) of the same organism. In the current study, the identification of an anamorph as being the corresponding teleomorph or a synonymous species or vice versa was considered a correct identification. Identification of a well-defined yeast isolate to the species level and a result of no identification (when the species was not present in the database) were scored as correct. All other results, including no identification (when the species was present in the database), identification to the genus level, misidentification, and substitution for another species present in the database, were scored as incorrect.
PCR fingerprinting. Genomic DNA was isolated as described previously (7, 14, 16) . Briefly, yeast cultures were grown in YPD broth or on YPD agar plates (see above). Growth conditions do not have any impact on the DNA quality or the resulting PCR fingerprinting patterns. After 24 h, two loopfuls of cells were either harvested from agar plates, suspended in 1 ml of sterile water, and pelleted by centrifugation at room temperature for 15 min at 2,500 ϫ g or harvested from broth and pelleted directly by centrifugation. The pellet was frozen in liquid nitrogen and then ground by hand with a miniature pestle (KONTES, Vineland, N.J.). The resulting powder was resuspended in 700 l of preheated extraction solution (stock solution containing 100 mg of triisopropylnaphthalene sulfonic acid [SERVA, Heidelberg, Germany], 600 mg of para-aminosalicylic acid [SERVA], 10 ml of deionized water, 2.5 ml of buffer [1 M Tris-HCl, 1.25 M NaCl, 0.25 m EDTA, pH 8.0], and 7.5 ml of Tris-EDTA-saturated phenol). After incubation for 2 min at 55°C with occasional shaking, 500 l of chloroform was added and the incubation was continued for another 2 min at 55°C. The mixture was centrifuged at room temperature for 10 min at 2,500 ϫ g. The aqueous phase was transferred to a new microcentrifuge tube, and the extraction was repeated by adding an equal volume of phenol:chloroform (1:1), shaking for 2 min at room temperature, and centrifuging as described above and then by adding an equal volume of chloroform alone, shaking, and centrifuging as described above. The aqueous phase was then transferred to a new microcentrifuge tube. Genomic DNA was precipitated by the addition of 0.03 volumes of 3.0 M sodium acetate (pH 5.2) and 2.5 volumes of cold 96% ethanol followed by incubation for at least 1 h or overnight at Ϫ20°C and centrifugation at 4°C for 30 min at 14,000 ϫ g. The DNA pellet was finally washed with 70% ethanol, centrifuged at 4°C for 10 min at 14,000 ϫ g, dried in air, dissolved in deionized water, and stored at 4 or Ϫ20°C. The genomic DNA was diluted to a concentration of 10 ng/l.
In previous studies (14) , three primers, two microsatellite (simple repetitive DNA)-specific oligonucleotides [(GTG) 5 and (GACA) 4 (1)] and a minisatellitespecific oligonucleotide derived from the core sequence of the wild-type phage M13 (5Ј GAGGGTGGCGGTTCT 3Ј) (30) , were tested to establish the discriminatory power of each. The primer M13 was found to be more suitable than the primers derived from simple repetitive sequences. It was selected for this study because the results obtained were unambiguous and easier to interpret due to high resolution of the amplified bands and strong discrimination among the fungal species investigated. Amplification reactions were performed in volumes of 50 l containing 25 ng of genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM (each) dATP, dCTP, dGTP, and dTTP (Boehringer, Mannheim, Germany), 3 mM magnesium acetate, 30 ng of primer, and 2.5 U of AmpliTaq DNA polymerase (Perkin-Elmer, Norwalk, Conn.). PCR was performed for 35 cycles in a Perkin-Elmer thermal cycler (model 480) with 20 s of denaturation at 94°C, 1 min of annealing at 50°C, and 20 s of extension at 72°C per cycle followed by a final extension cycle for 6 min at 72°C. Amplification products were concentrated to approximately 20 l (Eppendorf Concentrator, model 5301; Eppendorf-Netheler GmbH, Hamburg, Germany) and separated by electrophoresis in 1.4% agarose gels in Tris-borate-EDTA buffer for 10 h at 3 V/cm. Amplification products were detected by staining with ethidium bromide (0.5 g/ml) and were visualized under UV light. PCR fingerprinting profiles were manually evaluated.
Time and cost assessment. The cost assessment per test is based on current prices and salary rates (per hour) for the time needed by a lab technician ($A 13.00 ϭ $9.60) in Australia in a typical reference laboratory.
RESULTS
Vitek YBC. Only 55 of the 81 isolates included in this study were represented in the Vitek database (Tables 3 and 5) . A total of 48 (87.3%) of these were identified correctly with the Vitek YBC system (Table 3) . For example, C. lipolytica (anamorph of Yarrowia lipolytica), a strain obtained from the CBS (CBS 599), was not identified (Tables 3 to 5) . For this isolate, both the 24-and 48-h readings produced a biocode that was not in the Vitek database. In this case the biocode obtained was not assigned to another species, and this result was scored as incorrect. However, in many cases when a biocode was not in the database, a closely matching species was attributed to it, leading to an incorrect identification, e.g., C. valida, which is not listed in the database, was misidentified as C. krusei after 48 h with a percentage identity of 94% (Tables 3 to 5 ). Of the 48 isolates identified correctly, 32 (66.7%) were identified after 24 h of incubation. When 81 isolates, including isolates of species not found in the database, were analyzed, 48 (59.3%) were identified correctly, with the correct name given, and 14 (17.3%) gave a result of no identification. When scoring these two criteria as correct identifications, 62 (76.5%) were correctly identified and 19 (23.5%) were incorrectly identified (Table 6 ). For the overall evaluation of the identification systems used, a correct identification of a reference strain to the species level and the results "not identified" were scored as correct, while all other results, including identification only to the genus level and misidentification, were scored as incorrect. The hours given indicate the incubation time after which a result was obtained. Please note that an incorrect identification can occur after incubation for prolonged times that are still within the time recommendations of the manufacturers (see S. cerevisiae) and a correct identification can be obtained after an extended incubation, not recommended by the manufacturers (see K. lactis).
b -, culture did not grow on the API ID 32C medium.
A total of 32 clinical isolates were tested with the Vitek YBC kit, of which 26 (81.25%) were correctly identified and 6 (18.75%) were incorrectly identified (Tables 5 and 6) .
API ID 32C. In comparison with the 55 isolates included in the Vitek database, 69 of the isolates used in this study are included in the API index (Tables 3 and 5 ). Although this system has a wider spectrum of species deemed identifiable by the manufacturer, only 53 (76.8%) were identified correctly and 16 (23.2%) were identified incorrectly (Table 6 ). Each misidentified isolate, except for Saccharomyces kluyveri, which closely resembles Saccharomyces cerevisiae, Kluyveromyces polysporus (misidentified as S. cerevisiae), and one clinical isolate of C. tropicalis (WM 211, misidentified as C. glabrata), had previously been identified correctly with the Vitek YBC system. When 80 (the isolate Citeromyces matritensis [CBS 864] did not grow sufficiently on the API ID 32C medium) isolates were subjected to this system, including species which are not featured in the database, 55 (68.75%) were identified correctly including C. pseudotropicalis and C. saitoana, which were correctly identified as their synonyms, C. kefyr and C. famata, respectively. In addition, seven (8.75%) were considered as correct identifications when no other species was substituted for their unknown biocode (Tables 3 and 5 ). This increased the success rate of the API ID 32C test to 77.5% (62 of 80), and 18 isolates were incorrectly identified (22.5%). A total of 36 (58.0%) isolates were correctly identified after 24 h. Several isolates considered to be of medical significance were misidentified, especially C. tropicalis, which was incorrectly identified seven For the overall evaluation of the identification systems used, a correct identification of a reference strain to the species level as well as the result "not identified" were scored as correct, and all other results, including identification only to the genus level and misidentification, were scored as incorrect. Please also note that an incorrect identification can occur after incubation for prolonged times (see S. cerevisiae).
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times out of nine with the API ID 32C system. For example, in the case of WM 30, the isolate was identified after 48 h of incubation with the API kit as a choice between C. intermedia and C. famata (Table 4 ). However, in that particular case, the computer generated a result of unacceptable profile, so that definitive identification would not have relied solely on this result in a clinical context. The same 32 clinical isolates tested with the Vitek YBC were also tested with the API ID 32C system and only 24 (75.0%) were correctly identified and 8 (25.0%) were incorrectly identified (Tables 5 and 6 ). From this eight, four had been correctly identified at 24 h of incubation but this identification was changed to an incorrect profile after 48 h of incubation, which is still within the time recommendation of the manufacturer.
PCR fingerprinting. PCR fingerprinting, as a means of differentiating among species within the fungal kingdom, has been applied to several genera of yeasts and fungi (12, 20, 25, 31) . In this study, it also generated multilocus PCR profiles that were species specific. Sufficient polymorphisms among the total set of banding patterns was observed, with adequate similarity in the set of major patterns obtained from a given species, to allow each isolate to be assigned unambiguously to a particular species. In addition, small variations in minor bands allowed differentiation to strain level, which could be used for epidemiological studies. Anamorph and teleomorph pairs had a For the overall evaluation of the identification systems used, a correct identification of an isolate to the species level and the result "not identified" were scored as correct, and all other results, including correct identification only to the genus level and misidentification, were scored as incorrect. The hours given indicate the incubation time after which this result was obtained. Please note that an incorrect identification can occur after incubation for prolonged times that are still within the time recommendations of the manufacturers (see C. parapsilosis, C. tropicalis, and S. cerevisiae). All clinical isolates were in the Vitek and API databases. a For the overall evaluation of the identification systems used, a correct identification of an isolate to the species level and the results "not identified" were scored as correct, and all other results, including identification only to the genus level and misidentification, were scored as incorrect.
b One isolate, Citeromyces matritensis CBS 864, did not grow on the API ID 32C medium. banding patterns that were almost identical, although small differences in the sizes in the minor bands were also observed and permitted for differentiation to the strain level. Slight differences in band intensities, which were observed among members of the same species or from run to run, were attributed to slight variations in the reaction conditions. Figures 1  and 2 show the banding patterns obtained for representative species. For each species at least two isolates were placed in adjacent lanes, and the results demonstrate the high degree of correlation within a species and show that each of the profiles obtained differ from all other species studied so far (14) . Similarly, in cases where holomorphs exist, anamorph and teleomorph pairs were placed in adjacent lanes (e.g., Fig. 1, lanes Figures 1 and 2 show examples where DNA extracted from stock cultures at different intervals were run simultaneously on the gel (Fig. 1, lanes 6 and 7, lanes 10 and 11, and lanes 17 and 18;  Fig. 2, lanes 3 and 4 and lanes 14 and 15) . Even when the DNA was extracted 3 years apart, e.g., C. guilliermondii (June 1993 and September 1996), the PCR profiles were identical. Similarly, the PCR fingerprints proved to be reproducible, taking into account the strain-specific variation among several isolates of the same species, including clinical isolates, irrespective of whether isolates were obtained from the same patient or from different regions of the globe (14) . Repeated subculturing in vitro and in vivo did not affect the banding pattern (13, 16) .
All 81 isolates included in this study were assigned to the correct species by PCR fingerprinting. The identities of the isolates were reconfirmed by comparing the PCR fingerprinting profiles of type or neotype strains with (i) other type or neotype strains where available, (ii) clinical isolates previously identified by conventional methods, and (iii) the corresponding member of an anamorph-teleomorph pair, where available.
The potential of an identification method for use in a clinical setting is measured in terms of cost, speed, ease of protocol, and the reproducibility of results obtained with that method. Based on these criteria, PCR fingerprinting compared favorably with phenotypic methods in current use. Identification by PCR fingerprinting was more rapid than either of the biochemical tests. All three tests require the establishment of pure culture from a clinical specimen. The API and Vitek kits require between 18 and 48 h prior to the inoculation of the strips and plates and 24 to 48 h of incubation following inoculation and prior to identification. Supplementary tests, if required, could take up to 24 to 48 h. The time required to report a result for the Vitek YBC system is from 3 to 7 working days and for the API ID 32C it is between 4 and 7 working days. PCR fingerprinting requires 3 working days (Table 7) . It is noteworthy that no supplementary tests are required with the PCRbased identification, but this is not often the case with both of the biochemical tests. The initial start-up, labor, and running costs for the three systems are compared in Table 7 . Although PCR fingerprinting was the most labor-intensive method of the three, it was found to be the cheapest as far as set-up and running costs are concerned. Besides the higher labor costs, this method provides the user with definitive identification results at a significantly faster rate.
DISCUSSION
The biochemical tests described above are designed to accurately identify yeast isolates in a clinical laboratory. In the early 1980s, some groups raised concerns about the limited number of organisms in the databases of these tests (11, 17) , and the manufacturers have since expanded the respective indices. The updated versions of these tests were investigated during the early 1990s (4, 5, 24) . With the Vitek YBC, correct identification rates of 99.2% for common clinical isolates and 94.1% for uncommon isolates have been reported (4). In contrast, Fenn et al. (5) reported that only 83% of the uncommon isolates were identified correctly with the Vitek YBC. Using the API 20C system this group found a slight decrease in accuracy when uncommon yeasts were tested. A total of 91% of the common clinical isolates were identified correctly with the API ID 32C system (24) .
Within the bounds of the present study, the Vitek YBC and the API ID 32C systems were sufficiently accurate at identifying yeasts of the genus Candida and related genera when the isolates under investigation were included in the respective databases. Although the API kit features a wider variety of species in its database compared to the Vitek kit, the percentage of correctly identified isolates was considerably lower, 87.3% for Vitek YBC and 76.8% for the API ID 32C. However, the API kit was marginally more accurate than the Vitek YBC system for the identification of uncommon isolates. The percentage of yeasts identified correctly by this system was 77.5% when isolates not included in the database were tested compared to 76.5% for the Vitek system (Table 6 ). Substitution of a species name with the closest matching biocode for an unknown biocode is the main drawback of these biochemical tests. For example, C. sake, which is not listed in the Vitek database, was identified as C. parapsilosis, which is listed in the database, after 24 h of incubation. A laboratory report that misidentifies C. sake as C. parapsilosis may result in clinical management not appropriate for C. sake. Because of the emergence of new yeast pathogens, the diminished ability of these tests to identify the uncommon yeasts is of concern. Rippon (23) lists about 18 species of the genus Candida as being pathogenic, based on their isolation from clinical specimens. Several of these species, which are not considered common, vary in their susceptibilities to antifungal drugs and are not all included in these databases. For example, C. krusei, C. lipolytica, and to a lesser extent, C. lusitaniae, are resistant to the triazole fluconazole, and C. lusitaniae is also resistant to amphotericin B (3, 22) . The misidentification of these species may have adverse clinical consequences. C. lipolytica and C. lusitaniae were misidentified with the Vitek YBC and the API ID 32C. In addition, the inability of the API ID 32C kit to identify C. tropicalis correctly is a problem that has also been reported previously with the use of other methods of identification (5, 24) . In clinical laboratories, fermentation tests (e.g., Rosco tablets [Rosco Diagnostica, Taastrop, Denmark]) are frequently used to confirm the identity of this species. These additional diagnostic tests increase laboratory costs, are time-consuming, and may delay the initiation of appropriate treatment. By comparison, the most clinically relevant species (C. albicans) was correctly identified by both biochemical systems at 24 h of incubation. However, this species can usually be identified by performing a germ tube test and does not generally require further testing with API or Vitek.
In clinical laboratories, the consensus concerning the use of the Vitek YBC system is that an identification with a high identification percentage after 24 h of incubation provides adequate confirmation of the identity of the isolate and further incubation for an extra 24 h is not required. While this approach may reduce the ambiguity of obtaining different results after the two periods of incubation, some isolates are subject to misidentification, as was observed with C. lusitaniae (Table 4 ). The cost of equipment, labor, and supplies could differ considerably from country to country. Cost in U.S. dollars is based on the exchange rate on 15 August 1997. The API ID 32C strip can also be read manually.
b After a pure culture was obtained from a clinical specimen. In contrast, all the isolates under investigation were identified successfully by PCR fingerprinting. The method was discriminatory enough to detect occasional culture or DNA sample exchanges when they occurred. These exchanges were excluded from this study. The almost identical banding pattern of holomorphs confirmed anamorph and teleomorph pairings, which were initially established by physiological, morphological, and biochemical tests. The success of this method can be attributed to the primers used. PCR fingerprinting uses single primers that anneal to short, inversely oriented, tandem repeat sequences, and if these sequences occur close enough to each other, the region between them is amplified. The amplified region in each case consists of unstructured, hypervariable, mostly noncoding sequences which vary in length from one species to the next. The primers bind, depending on the sequence, at different loci in different species. These differences permit any yeast isolate to be identified at the species and strain levels. The major drawback associated with this technique to date is the limited number of reference fingerprints.
Comparison of unknown isolates requires cross-reference to a known standard, which at this stage has only been established for 63 species of the genus Candida and related teleomorph genera in our laboratory. Expansion of our profiles and the establishment of a computer-based PCR fingerprinting image library for easy reference in a clinical laboratory is planned. The established reference PCR fingerprinting profiles have been used in different mycology laboratories in the United States, Europe, and Australia to identify more than 300 clinical isolates, representing the same yeast species and genera discussed here (14, 25, 27) .
In summary, PCR fingerprinting was found to be simple, rapid, stable, sensitive, highly reproducible, and cost-effective and was well suited for the identification of Candida species. This method was used successfully to identify isolates that were identified incorrectly by the two commercial biochemical kits. The Vitek YBC and API ID 32C systems were found to be adequate for the identification of yeasts included in their respective databases but were less suitable for the identification of uncommon yeast species. We suggest PCR fingerprinting, in reference laboratories, as a cost-effective alternative to currently available tests for the identification of problem cases and rare non-C. albicans species which cannot be solved easily by using the biochemical tests discussed above.
